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(54) Method of producing fuel hose and fuel hose obtained thereby 



(57) A method of producing a fuel hose having su- 
perior adhesive reliability with superior initial adhesive 
strength between a tubular fluororesin inner layer (1) 
and a thermoplastic resin outer layer (2) and with re- 
strained deterioration in adhesive strength after heat ag- 
ing and immersion into fuel under severe conditions 
such as an inside of an engine compartment. The meth- 
od includes plasma treatment on a peripheral surface of 
the tubular fluororesin inner layer, at least one treatment 
of water treatment and silane coupling agent treatment 
on the plasma-treated surface and formation of the ther- 
moplastic resin outer layer on the treated peripheral sur- 
face. Thus, the functional groups having fluorine atoms 
not involved in adhesion go inside the tubular fluororesin 
inner layer by conducting the at least one treatment of 
water treatment and silane coupling agent aqueous so- 
lution treatment so that the surface concentration of flu- 
orine atoms sufficiently decreases on the peripheral sur- 
face of the tubular fluororesin inner layer and adhesive 
functional groups (functional groups having oxygen at- 
oms) such as an OH group are widely distributed there- 
in. As a result, adhesive strength between the tubular 
fluororesin inner layer and the thermoplastic resin outer 
layer is improved so that deterioration in adhesive 
strength after heat aging and immersion into fuel can be 
restrained under severe conditions such as an inside of 
an engine compartment, for obtaining a fuel hose supe- 
rior in adhesive reliability. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a method of producing a fuel hose for use in a fuel system of a motor vehicle 
or other equipment and a fuel hose obtained thereby. 

PRIOR ART 

io [0002] Generally, fuel hoses used in fuel systems of cars and other equipment have multi-layer structures comprising 
various rubber-and resin layers. Among such multi-layer fuel hoses, a two-layer fuel hose comprising a fluororesin 
inner layer and a thermoplastic resin outer layer laminated on a peripheral surface of the inner layer is in prevalent 
use. Since a fluororesin is superior not only in corrosion resistance and impermeability to chemicals, gasoline and the 
like but also in resistance to sour gasoline which is produced by oxidation of gasoline (sour gasoline resistance), a 

is fluororesin is generally regarded as the optimal material for forming an inner layer of a fuel hose which is directly 
exposed to fuel. The thermoplastic resin outer resin layer is provided as a reinforcing member of the hose for imparting 
pressure resistance and other dynamic characteristics to the fuel hose. 

[0003] However, since the fluororesin for forming the inner layer of the hose has very little adhesiveness for other 
structural materials, there is a problem caused that adhesive strength between the fluororesin inner layer and the 

20 thermoplastic resin outer layer is extremely low even if the two layers are adhered by an adhesive. Proposed as one 
approach for solving the aforesaid problem is a fuel hose comprising a fluororesin inner layer with its surface modified 
with treatment such as corona discharge (high-frequency treatment) and a thermoplastic resin outer layer formed on 
the surface-treated fluororesin inner layer. Such a hose is commercially available for use as a fuel hose for cars and 
the like, for example, as a fuel hose of a gasoline tank. 

25 [0004] However, such a fuel hose surface-modified by corona discharge or the like does not have a sufficient initial 
adhesive strength between the fluororesin inner layer and the thermoplastic resin outer layer. For this reason, when 
the above-mentioned fuel hose is used under severe conditions such as an inside of an engine compartment, the hose 
is directly subject to effects due to a temperature rise in the atmosphere, engine vibration and the like so that the 
adhesive strength between the fluororesin inner layer and the thermoplastic resin outer layer remarkably deteriorates 

30 after heat aging and immersion into fuel, resulting in a problem of inferiority in adhesive reliability. 

[0005] In view of the foregoing, it is an object of the present invention to provide a method of producing a fuel hose 
which is superior in an initial adhesive strength between a fluororesin inner layer and a thermoplastic resin outer layer 
and can restrain deterioration in adhesive strength after heat aging and immersion into fuel under severe conditions 
such as an inside of an engine compartment, resulting in adhesive reliability, and a fuel hose produced thereby. 

35 [0006] In accordance with a first aspect of the present invention, there is provided a method of producing a fuel hose 
comprising plasma-treating a surface of a tubular fluororesin inner layer, treating a surface layer of the plasma-treated 
peripheral surface with at least one of water and a silane coupling agent aqueous solution and forming a thermoplastic 
resin outer layer on the treated peripheral surface. In accordance with a second aspect of the present invention, there 
is provided a fuel hose produced by the above-mentioned method. 

40 

SUMMARY OF THE INVENTION 

[0007] The inventors of the present invention already have found that adhesive strength between the tubular fluor- 
oresin inner layer and the thermoplastic resin outer layer was improved by plasma-treating a surface of the tubular 

45 fluororesin inner layer so that superior initial adhesive strength can be obtained. This is because fluorine atoms and 
hydrogen atoms are set free from molecules of the fluororesin by the plasma treatment so as to produce carbon radicals, 
which react with the atmosphere so as to produce adhesive functional groups, the surface concentration of fluorine 
atoms decreases by defluorination, and the plasma-treated peripheral surface becomes uneven. As a result of further 
researches on the plasma-treated fuel hose, the inventors found that the surface concentration of fluorine atoms is still 

50 high on the peripheral surface of the tubular fluororesin inner layer and functional groups having fluorine atoms not 
involved in adhesion are widely distributed therein by conducting plasma treatment only so that adhesive strength 
between the tubular fluororesin inner layer and the thermoplastic resin outer layer is insufficient. As a result of still 
further researches, the inventors found that the functional groups having fluorine atoms not involved in adhesion go 
inside the tubular fluororesin inner layer by conducting at least one of water treatment and silane coupling agent aque- 

55 ous solution treatment on the plasma-treated peripheral surface so that the surface concentration of fluorine atoms 
decreases on the peripheral surface of the tubular fluororesin inner layer and the distribution of the functional groups 
having fluorine atoms not involved in adhesion decreases while adhesive functional groups (functional groups having 
oxygen atoms.) such as an OH group widely distribute therein. As a result, the inventors found that adhesive strength 
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between the tubular fluororesin inner layer and the thermoplastic resin outer layer is improved by conducting the at 
least one of water treatment and silane coupling agent aqueous solution treatment on the plasma-treated peripheral 
surface. As a result, a fuel hose superior in adhesive reliability can be obtained since deterioration in adhesive strength 
after heat aging and immersion into fuel can be restrained under severe conditions such as an inside of an engine 

s compartment. Thus, the inventors have attained the present invention. Especially, in the case that silane coupling agent 
aqueous solution treatment is conducted on the plasma-treated peripheral surface, a silane coupling agent layer can 
be formed on a surface of the tubular fluororesin inner layer so that each adhesive strength between the tubular fluor- 
oresin inner layer and the silane coupling agent layer and between the silane coupling agent layer and the thermoplastic 
resin outer layer is further improved, respectively. 

10 [0008] where the water treatment is conducted by using an aqueous acid solution, sufficient adhesive strength after 
heat aging and immersion into fuel can be obtained so that a fuel hose further superior in adhesive reliability can be 
produced. Where a hydrogen exponent (pH) of the aqueous acid solution is 2 to 6, a fuel hose even further superior 
in adhesive reliability can be produced. 

[0009] Where the silane coupling agent is an amino silane coupling agent represented by the following general 
is formula (1), stability of the silane coupling agent aqueous solution is good. 

X 1 

I 

20 Y — S i— X 2 »• ( 1 ) 



25 wherein Y is NH 2 (CH 2 ) n -, NH 2 (CH 2 ) n NH(CH 2 ) m - or NH 2 CONH(CH 2 ) n -, wherein n and m are 0 to 5, respectively, 

X 1 , X 2 and X 3 , which are the same or different, are -CH 3 , -OCR 3 , -OC 2 H 6 or -OC 2 H i OCH 3- respectively, wherein at 
least two of X 1 , X 2 and X 3 are -OCH 3 , -OC 2 H 5 or -OC 2 H 4 OCH 3 . 

[0010] Where the concentration of the: silane coupling agent is not more than 10% by weight of a total amount of 
the aqueous solution, it becomes easy to treat the plasma-treated peripheral surface therewith. 
30 [0011] Where a hydrogen exponent (pH) of the acid silane coupling agent aqueous solution is 2 to 6, sufficient ad- 
hesive strength after heat aging and immersion into fuel can be obtained, resulting in superior adhesive reliability. 
[0012] Where the silane coupling agent is an epoxy silane coupling agent represented by the following general for- 
mula (2), stability of the silane coupling agent aqueous acid solution is improved. 
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Z — S i— X 2 - ( 2 ) 
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X 3 

wherein Z is 

0-7 



or 



CH : -CHCH, 0 (CH,). - 



wherein n is 0 to 5, 
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X 1 , X 2 and X 3 , which are the same or different, are -CH 3 , -OCH 3 , -OC 2 H 6 or -OC 2 H 4 OCH 3 , respectively, wherein at 
least two of X 1 , X 2 and X 3 are -OCH 3 ,-OC 2 H 6 or -OC 2 H 4 OCH 3 . 

[001 3] Where the concentration of the silane coupling agent is not more than 1 0% by weight of a total amount of the 
aqueous acid solution, it becomes easy to treat the plasma-treated peripheral surface with the silane coupling agent. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

10 Fig. 1 is a view illustrating the structure of one embodiment of a fuel hose according to the present invention; 

Fig. 2 is a view illustrating the structure of another embodiment of a fuel hose according to the present invention; 
Fig. 3 is a view illustrating the structure of still another embodiment of a fuel hose according to the present invention; 
Fig. 4 is an explanatory view of one embodiment of a method of producing a fuel hose according to the present 
invention; 

15 Fig. 5 is an explanatory view of another embodiment of the treatment vessel 12 of Fig. 4; 

Fig. 6 is an explanatory view of another embodiment of the treatment vessel 1 3 of Fig. 4; 

Fig. 7 is an explanatory view of one embodiment of a method using a vacuum plasma treatment apparatus having 
auxiliary vacuum chambers according to the present invention; 

Fig. 8 is a view illustrating the structure of one embodiment of a sealed portion of the vacuum plasma treatment 
20 apparatus; 

Fig. 9 is a view illustrating the structure of another embodiment of a sealed portion of the vacuum plasma treatment 
apparatus; 

Fig. 10 is an explanatory view illustrating one embodiment of a method of producing a fuel hose according to the 
present invention by using a vacuum plasma treatment apparatus having an induction coil electrode means; 
25 Fig. 11 is an explanatory view illustrating one embodiment of a method of producing a fuel hose according to the 

present invention wherein a cooling zone is installed. 

Fig. 12 is an explanatory view illustrating one embodiment of a method of producing a fuel hose according to the 
present invention by using a mandrel; 

Fig. 13 is a view illustrating the structure of a corona discharge apparatus used for a method of producing a fuel 
30 hose of COMPARATIVE EXAMPLE; 

Fig. 14 is a view illustrating the structure of a test piece used for determination of adhesive strength of a fuel hose; 
Fig. 15 is a chart of data by ESCA analysis on a peripheral surface of a tubular fluororesin inner layer; and 
Fig. 16 is a chart of data by ESCA analysis on a peripheral surface of a tubular fluororesin inner layer 

35 DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present invention will hereinafter be described in detail by way of embodiments thereof. 

[001 6] The fuel hose of the present invention comprises a tubular fluororesin inner layer 1 and a thermoplastic resin 

outer layer 2 formed on a peripheral surface of the tubular fluororesin inner layer 1 , as shown in Fig. 1 . The main feature 

40 of the present invention is that a peripheral surface la of the tubular fluororesin inner layer 1 is plasma-treated and 
further at least one of water treatment and.silane coupling agent aqueous solution treatment is conducted thereon. 
[001 7] The fluororesin for forming the tubular fluororesin inner layer 1 is not particularly limited. Exemplary materials 
include an ethylene-tetrafluoroethylene copolymer (ETFE), polyvinylidene fluoride (PVDF), polychlorotrifluoroethylene 
(CTFE), an ethylene-chlorotrifluoroethylene copoIymer(ECTFE), ahexafluoropropylene-tetrafluoroethytenecopolymer 

45 (FEP), polytetrafluoroethylene (PTFE), a tetrafluoroethylene-perfluoroalkyfvinylether copolymer (PFA), a tetrafluor- 
oethylene-hexafluoropropylene-perfluoroalkoxyethylene terpolymer, a vinyl idene fluoridetetrafluoroethylene copoly- 
mer, a vinylidene fluoride-hexafluoropropylene copolymer, a tetrafluoroethylene-hexafluoropropylene-vinylidene fluo- 
ride terpolymer (THV). These may be used either alone or in combination thereof. Among all, ETFE, PVDF and THV 
are preferred from a viewpoint of high impermeability to gasoline and moldabilfty. 

50 [0018] It is preferred to add a conductive agent to the fluororesin to dissipate static electricity generated as a fuel 
(such as gasoline) flows down the hose. Examples thereof include carbon black and finery divided stainless steel 
filaments. The proportion of the conductive agent is preferably within a range of 0.5 to 30 parts by weight (hereinafter, 
abbreviated to parts) relative to 100 parts of fluororesin. Where the proportion is within the above range, volume re- 
sistivity of the tubular fluororesin inner layer 1 is not more than 10 10 Q • cm so that the static electricity can be discharged 

55 from the hose. As a result, accidents such as ignition of the fuel by the accumulated static electricity can be reduced. 
[0019] For improved physical properties, fillers can appropriately be added to the fluororesin. Examples thereof in- 
clude titanium dioxide, barium sulfate, calcium carbonate, silica, carbon black, magnesium silicate, aluminum silicate, 
zinc oxide, alumina, calcium sulfate, aluminum sulfate, calcium hydroxide, aluminum hydroxide, talc, molybdenum 
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dioxide, whiskers, short staple fibers, 'graphite and metallic powder. These may be used either alone or in combination 
thereof. The proportion of the tiller is preferably not more than 30 parts relative to 100 parts of the fluororesin. 
[0020] The method of plasma-treating the surface of the tubular fluororesin inner layer 1 is not particularly limited. 
Examples thereof include vacuum plasma treatment wherein the surface is exposed to a plasma atmosphere generated 

5 by gas -introduction for electrical discharge into a chamber maintained at a vacuum or reduced pressure and application 
of high-frequency. Another example is atmospheric plasma treatment wherein the surface is exposed to a plasma 
atmosphere generated by gas-introduction for electrical discharge into a chamber maintained at an atmospheric pres- 
sure and application of high-frequency Among all, the vacuum plasma treatment is preferred because uniform treat- 
ment can be easily obtained. As the electric discharge gas, it is preferred to use a gas containing Ar. Examples of the 

10 gas containing Ar include Ar gas alone and a mixed gas of Ar and N 2 , H 2 , 0 2 or the like. Where the mixed gas is used, 
it is preferred that the proportion of the Ar gas is not less than 50% by volume of the total mixed gas. 
[0021] It is preferred that water excluding metal ions is used for the water treatment on the plasma-treated, peripheral 
surface. Examples thereof include pure water (pH=7). Especially, it is preferred to use an aqueous acid solution wherein 
acetic acid, formic acid, hydrochloric acid, phenol or the like is diluted with water. It is preferred that a hydrogen exponent 

15 (pH) of the aqueous acid solution is 2 to 6. 

[0022] The method of the water treatment is not particularly limited. Examples thereof include a water-dripping meth- 
od, a water-atomizing method, a method by applying water with a brush or a spray, a dipping-in-water method, a method 
by scattering water using an ultrasonic oscillator, and a method by introduction into a high-temperature and high- 
humidity vessel with saturated vapor. 

20 [0023] . Examples of the silane coupling agent aqueous solution for the method of the treatment using the same on 
the plasma-treated peripheral surface include a dilution of silane coupling agent with water (such as pure water) and 
a dilution of silane coupling agent with an aqueous acid solution (such as an acetic aqueous acid solution). It is preferred 
that the hydrogen exponent (pH) of the silane coupling agent aqueous solution is 2 to 6. 

[0024] The silane coupling agent is not particularly limited, but is preferably an amino silane coupling agent repre- 
ss sented by the following general formula (1 ) due to its stability in an aqueous solution in the case that it is dissolved in 
water. 



wherein Y is NH 2 (CH 2 ) n -, NH 2 (CH 2 ) n NH(CH 2 ) m - or NH 2 CONH[CH 2 ) n - t wherein n and m are 0 to 5, respectively, 
X 1 , X 2 and X 3 , which are the same or different, are -CH 3 , -OCH 3 , -OC 2 H s or -OC^OCHg, respectively, wherein at 
least two of X 1 , X 2 and X 3 are -OCH 3 , -OC 2 H 5 or -OC 2 H 4 OCH 3 . 

[0025] Among the amino silane coupling agents represented by the general formula (1), N-p (aminoethyl)Y-amino 
40 propylmethyldimethoxysilane, N-pJaminoethyljY-aminopropyltriethoxysilane, y-aminopropylt rim ethoxysi lane, y-amino- 
propyltriethoxysilane are especially preferred. 

[0026] An epoxy silane coupling agent represented by the following general formula (2) is preferred due to its stability 
in an aqueous acid solution in the case that it is dissolved in the aqueous acid solution. 



■x 1 
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■CCH,). - 



5 



or 



w 



6h* -* 



*CHCH* 0 



(CH,). - 



wherein n is 0 to 5, 

X 1 , X 2 and X 3 , which are the same or different, are -CH 3 , -OCH 3> -OC 2 H 5 or -OC 2 H 4 OCH 3 , respectively, wherein at 
15 least two of X 1 , X 2 and X 3 are -OCH 3> -OC 2 H 5 or -OC 2 H 4 OCH 3 . 

[0027] Among the epoxy silane coupling agents represented by the general formula (2), p-(3,4-epoxycyclohexyl) 
ethyltrimethoxysil[are and y-glycidoxypropyitrimethoxysilane are especially preferred. 

[0028] The concentration of the silane coupling agent is preferably not more than 10%, by weight of the total aqueous 
solutidn, more preferably not more than 5% by weight. If the concentration exceeds 1 0% by weight, gelation may occur 
20 in the aqueous solution so that uniform application may not be realized. In addition, the concentration of the silane 
coupling agent in the aqueous acid solution is preferably within the above-mentioned range. 

[0029] The method of the treatment using the silane coupling agent aqueous solution or the silane coupling agent 
aqueous acid solution is not particularly limited as long as the aqueous solution can be applied uniformly on the plasma- 
treated peripheral surface. Examples thereof include and a method of dripping the aqueous solution, a method of 
25 atomizing it, a method by applying it with a brush or a spray, a method of dipping therein, and a method by scattering 
it using an ultrasonic oscillator. 

[0030] The amount of the silane coupling agent (excluding solvent) to be applied is preferably within a range of 1 X 
10" 8 to 1 x 10" 4 g/cm 2 , more preferably within a range of 1 x 10' 8 to 1 X 10" 5 g/cm 2 to the surface layer of 1cm 2 of 
the plasma-treated peripheral surface of the tubular fluorores in inner layer 1. The amount less than 1 x 10" 9 g/cm 2 is 
30 too small so that adhesive strength between the tubular fluororesin inner layer 1 and the thermoplastic resin outer layer 
2 is inferior, while the amount greater than 1 X10 4 g/cm 2 is too much so that foaming occurs on the thermoplastic 
resin outer layer 2. 

[0031] To impart structural strength to the fuel hose, the thermoplastic resin outer layer 2 is formed onto the peripheral 
surface 1a of the tubular fluororesin inner layer 1 treated with plasma and at least one of water and silane coupling 

35 agent aqueous solution. The thermoplastic resin for forming the thermoplastic resin outer layer 2 is not particularly 
limited. Examples thereof include polyester resins such as a polyamide resin and polybuthylene terephthalate (PBT), 
a urethane resin, a polyolefin resin and modified resins thereof. These may be used either alone or in combination. 
Among all, a polyamide resin is preferred due to their superiority in heat resistance and hydrolability. Examples of 
the polyamide resin include nylon 6, nylon 66, nylon 11 and nylon 1 2, among which nylon 11 and nylon 12 are especially 

40 preferred due to their superiority in moldability and resistance to antif reezing agents. 

[0032] It is preferred to add a conducive agent to the thermoplastic resin to impart conductivity to the thermoplastic 
resin outer layer 2. The kind and the proportion of the conductive agent are the same as those of the tubular fluororesin 
inner layer 1 as described above. 

[0033] For improved processability and flexibility, a plasticizer may be added to the thermoplastic resin, as required. 
45 Examples thereof include sulfonamides and bydroxybenzoic esters. The proportion of the plasticizer is preferably not 
more than 20 parts relative to 1 00 parts of the thermoplastic resin. 

[0034] As shown in Fig. 2, another embodiment of the present invention comprises a tubular fluororesin inner layer 
1 , a thermoplastic resin intermediate layer 2 formed on a peripheral surface 1a of the tubular fluororesin inner layer 1 
and an outer layer 1 8 of rubber (or thermoplastic elastomer) formed on a peripheral surface of the thermoplastic resin 
50 intermediate layer 2. The fuel hose having such an outer layer 18 is preferred for its high flame resistance and high 
resistance to chipping. 

[0035] The material for forming a rubber outer layer 18 is not particularly limited. Examples thereof include epichlo- 
rohydrin rubber (CO), epichlorohydrin-ethylene oxide equimolar copolymer (ECO, alias CHC), acrylonitriie-butadiene 
copolymer rubber (NBR), NBR-polyvinyl chloride (PVC) blend rubber (NBFl/PVC), chloroprene rubber (CR), chlorosul- 
55 fonated polyethylene (CSM), chlorinated polyethylene (CPE), ethylene-propylene-diene rubber (EPDM), ethylene-pro- 
pylene rubber (EPM), NBR/EPDM blend rubber and fluorocarbon rubber (FKM). These may be used either alone or 
in combination. Among all, CO, ECO, NBR/PVC, CSM, EPDM and EPM are preferred for their high heat resistance, 
and high ozone resistance. Further, the materials for forming a thermoplastic elastomer outer layer 18 are not partic- 
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ularly limited. Examples thereof include thermoplastic elastomers such as olefin ic elastomers, polyvinyl chloride elas- 
tomers and urethane elastomers. The thickness of the outer layer 18 is generally within a range of 0.5 to 5.0mm, 
preferably 0.5 to 3.0mm. 

[0036] As shown in Fig. 3, still another embodiment of the present invention comprises a tubular fluororesin inner 
5 layer 1, a thermoplastic resin intermediate layer 2 formed on a peripheral surface la of the tubular fluororesin inner 
layer 1, a reinforcing cord layer 1 9 formed on a peripheral surface of the thermoplastic resin intermediate layer 2 and 
an outer layer 19 of rubber (or thermoplastic elastomer) formed on a peripheral surface of the reinforcing cord layer 
1 9. This fuel hose has the same structure as that of Fig. 2, except that the reinforcing cord layer 19 is installed between 
the thermoplastic resin intermediate layer 2 and the outer layer 18. Such a fuel hose containing the reinforcing cord 
io layer 19 is preferred for its superior pressure resistance. The reinforcing cord layer 19 is formed by braiding natural 
fiber such as linen or cotton, a synthetic yarn such as polyester yarn, vinylon yarn or nylon yam, or metal filaments 
such as wires. 

[0037] In addition, each of the tubular fluororesin inner layer 1 and the thermoplastic .resin outer layer 2 of the fuel 
hose of the present invention is not particularly limited to a single-layer structure, as shown in Figs. 1 to 3, respectively, 

is and may have a multi-layer structure. For example, the tubular fluororesin inner layer 1 may have a two-layer structure 
wherein an inner layer is formed of conductive fluororesin and an outer layer is formed of non-conductive fluororesin. 
Alternatively, the tubular fluororesin inner layer 1 may have a two-layer structure wherein an inner layer is formed into 
a thin layer using a conductive fluororesin and an outer layer is formed of a non-conductive fluororesin. 
[0038] The fuel hose of the present invention may, for example, be produced by the following manner. First, the 

20 material (such as fluororesin) for forming the tubular fluororesin inner layer 1 is extruded by an inner layer extruder 3, 
for obtaining the tubular fluororesin inner layer 1 , as shown in Fig. 4. The tubular fluororesin inner layer 1 is introduced 
in a reaction chamber 6 of a vacuum plasma apparatus 5 and is plasma-treated in a plasma treatment zone between 
electrodes 9a. The plasma-treated tubular fluororesin inner layer 1 is introduced in a treatment vessel 12 where water 
is dripped thereon by a nozzle 12a. Next, the thus treated tubular fluororesin inner layer 1 is introduced in a treatment 

25 vessel 1 3 where excessive water is dried and eliminated by an air blowing apparatus 1 3a. Successively, the material 
(such as thermoplastic resin) for forming the thermoplastic resin outer layer 2 is extruded from an outer layer extruder 
14 and the thermoplastic resin outer layer 2 is formed on a peripheral surface of the tubular fluororesin inner layer 1 . 
Then, the thus obtained tube is wound up by a winder 1 5, for obtaining the intended fuel hose (as shown in Fig. 1 ). In 
addition, the fuel hose as the above (as shown in Fig. 1 ) can be obtained by dripping a si lane coupling agent aqueous 

30 solution instead of water. 

[0039] For establishing a stable plasma, the atmosphere in the reaction chamber 6 is evacuated by a vacuum pump 
7, and then supplied with an electric discharge gas (containing Ar) by a gas supply apparatus 8. The reaction chamber 
6 is maintained at a vacuum or reduced pressure (generally, 0.005 to 8 Torr). In the plasma treatment, an impedance- 
matched high-frequency, high-output current is applied to the electrodes 9a for a predetermined period by means of a 

35 high-frequency power source 10 and a mitching box 11 to induce an electric discharge between the electrodes and 
thereby ionize the e lectric discharge gas to create a plasma state. The frequency used is in the range of 0. 1 to 1 000MHz, 
preferably 1 to 100 MHz. The output of the high-frequency power source 10 is generally within a range of 2 to 400W, 
preferably 5 to 300W. The treatment time is appropriately determined depending on the type and size of the fluororesin 
material but is generally 1 to 180 seconds, preferably 3 to 60 seconds. The vacuum plasma treatment is preferably a 

40 glow discharge plasma treatment using an Ar gas-containing atmosphere. Since this glow discharge plasma treatment 
does not require a high degree of vacuum, it is advantageous that the vacuum plasma apparatus to be used herein is 
not necessarily high performance but rather may be an ordinary apparatus. 

[0040] The plasma treatment is carried out preferably at a subatmospheric or negative pressure. If sealing effect of 
seals 4 of the vacuum plasma apparatus 5 is poor, it is difficult to control the degree of vacuum within the vacuum 
45 plasma apparatus 5 at a constant level so that a stable plasma cannot be generated. For this reason, the seals 4 are 
preferably formed of rubber elastomer. The rubber elastomer with a hardness of 45 to 80 (J IS A) is generally preferred. 
The kind of the rubber elastomer is not particularly limited, but good results are obtained by using silicone rubber or 
acrylonitrile-butadiene copolymer rubber (NBR). 

[0041] In the embodiment of Pig. 4, the water-dripping method is used, as described above, wherein water is dripped 
50 by the nozzle 12a in the treatment vessel 12. However, as shown in Fig. 5, the water treatment may be conducted by 
heating water using a heater 12d so as to be saturated in a vessel 12c and introducing the tubular fluororesin inner 
layer 1 in the vapor-saturated, high-temperature and high-humid vessel 12c. In this case, there is the advantage that 
water containing metal ions (such as tap water) can be used. This is because metal salts are not gasified, and sink 
and accumulate on the bottom of the treatment vessel 1 2 so as not to affect the water treatment to the tubular fluororesin 
55 inner layer 1 . 

[0042] In the embodiment of Fig. 4, water is dried so as to be eliminated by the method using the air blower 13a in 
the treatment vessel 1 3. However, as shown in Fig. 6, excessive water can be eliminated by passing the tubular fluor- 
oresin inner layer 1 through a packing 13b installed in a production line. 
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[0043] The configuration of the sea! 4 is not particularly limited to a one-step structure, as shown in Fig. 4 and may 
have a two-step structure with auxiliary vacuum chambers 23. In Fig. 7, the same components as shown in Fig. 4 are 
denoted by the same reference numerals. Each auxiliary vacuum chamber 23 is separated from the reaction chamber 
a by a divider 24 and this auxiliary vacuum chamber 23 is communicated with a vacuum pump 26 via a line 22. In the 

5 Fig. 7, the reference numerals 25 indicate valves installed in the line 22. The internal pressure within the auxiliary 
vacuum chamber 23 is moderately reduced (about 0.1 to 10 Torr) by the vacuum pump 26, as compared with the 
reaction chamber 6. With this provision of the auxiliary vacuum chambers 23, the entry of external air from the hose 
inlet and outlet into the vacuum plasma apparatus 5 can be completely prevented. As a result, the degree of vacuum 
within the reaction chamber 6 can be exactly controlled so as to ensure generation of a stable plasma. The configuration 

10 of the seal. 4 is not particularly limited to the above-mentioned figures formed of rubber elastomer. The seal 4 may be 
a generally frustoconical seal 4a, as shown in Fig. 8. With this seal 4a, the area of contact with the tubular fluororesin 
inner layer 1 is reduced to lower the contact frictional force. Consequently, the tubular fluororesin inner layer 1 can be 
smoothly introduced into the vacuum plasma apparatus 5 and also the vacuum plasma apparatus 5 can be kept suf- 
ficiently air-tight. In Fig. 8, an arrow indicates the entry direction of advance of the tubular fluororesin inner layer 1 . As 

is an alternative, the seal may be a disk-shaped seal 4b as shown in Fig. 9, whereby the air-tightness of the vacuum 
plasma apparatus 5 is further enhanced. 

[0044] The plasma apparatus of the present invention is not particularly limited to the vacuum plasma apparatus 5, 
as shown in Fig. 4, having internal electrodes 9a, but may be an apparatus 5 provided with induction coil electrodes 
9b on a periphery thereof as shown in Fig. 10. In Fig. 10, the same components as shown in Fig. 4 are denoted by the 

20 same reference numerals. 

[0045] It is preferred that the tubular fluororesin inner layer 1 is cooled by a cooling zone 20 provided soon after 
extrusion molding before it is introduced to the vacuum plasma apparatus 5 as shown in Fig. 11. This is because the 
tubular fluororesin inner layer just extreuded is still hot and soft so that it has poor shape retentivity. It is also preferred 
that the thermoplastic resin outer layer 2 is cooled by a cooling zone (not shown) provided soon after extrusion molding 

25 due to the same reason. In Fig. 11, the same components as shown in Fig. 4 are denoted by the same reference 
numerals. 

[0046] Fig. 4 illustrates the method of producing the fuel hose wherein a mandrel is not used, but the present invention 
is not particularly limited thereto. The fuel hose may be produced by supplying a mandrel 17 from a mandrel supplier 
16 to an inner layer extruder 3 so that a tubular fluororesin inner layer 1 may be formed onto the mandrel 17. In Fig. 
30 1 2, the construction is the same as in Fig. 4 except that the mandrel supplier 16 and the mandrel 17 are used, and the 
same components as shown in Fig. 4 are denoted by the same reference numerals. 

[0047] In the above description of the procedure for producing a fuel hose, the five production stages of tubular inner 
layer molding, vacuum plasma treatment, water treatment (or silane coupling agent aqueous solution treatment), drying 
process and formation of a thermoplastic resin outer layer on the peripheral surface of the inner layer are continuously 

35 carried out, but the present invention is not particularly limited thereto. A typical alternative procedure comprises forming 
a tubular fluororesin inner layer 1 by extruding the material (such as a fluororesin) from the inner layer extruder 3, 
taking up thereof on a winder (not shown), paying out the tubular inner layer 1 from the winder to the vacuum plasma 
apparatus 5, the water treatment (or the silane coupling agent aqueous solution treatment), the drying process and 
molding a thermoplastic rein outer layer on the peripheral surface of the tubular fluororesin inner layer 1 . There is the 

40 advantage by' using such a partial batch process that the materials for the tubular fluororesin inner layer 1 and/or for 
the thermoplastic resin outer layer 2 can be easily changed for each production lot. 

[0048] The fuel hoses as shown in Fig. 2 and 3 may be produced by a braiding process or an extrusion process with 
a braider or an extruder, for example, provided after the outer layer extruder 14 in Fig. 4. 

[0049] The tubular fluororesin inner layer 1 of thus obtained fuel hose according to the present invention has generally 
45 an inner diameter of about 4 to 50mm and a thickness of about 0.05 to 1 mm and the themoplastic resin outer layer 2 
has a thickness of 0.2 to 4mm, preferably 0.5 to 3mm. 

[0050] In the fuel hose according to the present invention, functional groups having oxygen atoms such as OH groups 
are distributed on the peripheral surface of the tubular fluororesin inner layer. Since the functional groups having oxygen 
atoms are involved in adhesion, the adhesion strength between the tubular fluororesin inner layer and the thermoplastic 

50 resin outer layer can be improved. 

[0051] The fuel hose according to the present invention is provided with properties that a strength ratio of bond 
energy [l(286-5eV)/l(292.2eV)] of surface carbon atoms (C1s) by analyzing the surface layer of the peripheral surface 
of the tubular fluororesin inner layer with an X-ray photo-electron spectroscopy (ESCA) is not less than 1 .3 in the case 
that bond energy on a peak top of fluorine (F1s) is a standard value (689.63eV) and metal ions are not distributed in 

55 the surface layer of the peripheral surface of the tubular fluororesin inner layer. Where the strength ratio of the bond 
energy is less than 1.3, the surface concentration of fluorine atoms not involved in adhesion is high on the peripheral 
surface of the tubular fluororesin inner layer so that adhesive strength between the tubular fluorine resin inner layer 
and the thermoplastic resin outer layer is insufficient. Further, where metal ions (such as Na + , Ca 2+ and Zn 2+ ) are 
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distributed on the surface layer of the tubular fluororesin inner layer, adhesive strength between the tubular fluorine 
resin inner layer and the thermoplastic resin outer layer is insufficient because the bond strength due to such as hy- 
drogen bonds is prohibited by the metal ions. As such an example, it is known that nylon resin may crack due to an 
antifreezing agent (such as calcium chloride). 

[0052] The analysis by the X-ray photo-electron spectroscopy (ESCA) is preferably using a photoelectron spectrom- 
eter (5600Ci available from ULVAC-PHI, INC.) under the following measurement conditions. 

Exciting X-rays: A1, Ka, 2 rays (1486,6 eV) 
X-ray output: 10kV, 20mA 
Temperature: 20° C 
Degree of vacuum: 3 X 1 0" 8 Torr 

[0053] Examples will hereinafter be described along with Comparative Examples. 

[0054] Prior to Examples and Comparative Examples, the following silane coupling agents were prepared. 
Silane coupling agent A 

[0055] N-p (aminoethyl>y-aminopropylmethyldimethoxysilane 



CH a 



H 2 NC 2 H«NHC 3 H fl — S i— O CH ? 



0 C H 3 " . 



Silane coupling agent B 



[0056] N-P (aminoethyl)Y-aminopropyltriethoxysilane 



0 C 2 H B 



H 2 N C 2 H 4 N H C 3 H , — S i— 0 C jH s 



0 C 2 H s 



Silane coupling agent C 



[0057] y-aminopropyltrizethoxysilane 



0 C H 3 



H 2 N C a H , — S i-0 CH 3 



O C H 3 



Silane coupling agent D 



[0058] y-aminopropyltriethoxysilane 
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10 



15 



20 



25 



0 C 2 H s 
i 

H 2 N C 3 H 8 — S i-0 C 3 H S 



0 C ,H s 



Silane coupling agent E 

[0059] p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane 



OCH, 



0-7 — v i 
\^_)~ C H, -S i -OCH, 



OCH, 



Silane coupling agent F 

[0060] y-glycidoxy propyltrimethoxy silane 



CHi -CHCH, OCi H ( -Si-OCH, 
30 OCH, 

EXAMPLE 1 

35 [0061] An ethylene-tetrafluoroethylene copolymer (ETFE) as a material for forming a tubular fluororesin inner layer 
and nylon 12 (PA12, content of a plasticizer: 5%) as a material for forming a thermoplastic resin outer layer were 
prepared, as shown in the following Table 1 . As a treatment agent, pure water (pH=7) was also prepared. A fuel hose 
was produced in accordance with a manner shown in Fig. 4 by using these materials. In the thus obtained fuel hose, 
the tubular fluororesin inner layer had an inner diameter of 6.0mm and a thickness of 0.25mm and the thermoplastic 

40 resin outer layer had a thickness of 0.75mm. The plasma treatment conditions were a frequency of 1 3.56MHz and an 
output of 250W. In addition, a reaction chamber 6 was evacuated by a vacuum pump 7 to 10" 3 Torr, and then supplied 
with a gas containing Ar from a gas supplying apparatus 8 so that the reaction chamber 6 was under a reduced pressure 
of 0.07 Torr. 

45 EXAMPLE 2 

[0062] A fuel hose was produced in the same manner as EXAMPLE 1 except that a 0.1 % by weight acetic aqueous 
acid solution (pH=4±0.2) was used, as shown in the following Table 1 , instead of the pure water (pR=7) of EXAMPLE 1 . 

50 EXAMPLE 3 

[0063] A fuel hose was produced in the same manner as EXAMPLE 1 except that an aqueous solution of 1% by 
weight silane coupling agent (A) in pure water (pR=7) was used, as shown in the following Table 2, instead of the pure 
water (pH=7) of EXAMPLE 1 . In addition, the application amount (excluding aqueous solution) of the silane coupling 
55 agent was 3 x 10" 7 g/cm 2 based on a plasma-treated peripheral surface of the tubular fluororesin inner layer. 
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EXAMPLE 4 

[0064] A fuel hose was produced in the same manner as EXAMPLE 3 except that the silane coupling agent (B) was 
used, as shown in the following Table 1 , instead of the silane coupling agent (A) of EXAMPLE 3. 

5 

EXAMPLE 5 

[0065] A fuel hose was produced in the same manner as EXAMPLE 3 except that the silane coupling agent (C) was 
used, as shown in the following Table 1 , instead of the silane coupling agent (A) of EXAMPLE 3. 

10 

EXAMPLE 6 

[0066] A fuel hose was produced in the same manner as EXAMPLE 3 except that the silane coupling agent (D) was 
used instead of the silane coupling agent (A) of EXAMPLE 3 and also nylon 11 (PA11) was used as a material for 
is forming a thermoplastic resin outer layer instead of nylon 12 (PA12) of EXAMPLE 3, respectively, as shown in the 
following Table 1. 

EXAMPLE 7 

20 [0067] A fuel hose was produced in the same manner as EXAMPLE 3 except that an aqueous solution of 1% by 
weight silane coupling agent (E) in an acetic aqueous acid solution (pH=4±0.2) was used, as shown in the following 
Table 2, instead of the acetic aqueous acid solution of 1 % by weight silane coupling agent (A) of EXAMPLE 3, as shown 
in the following Table 2. 

25 EXAMPLE 8 

[0068] A fuel hose was produced in the same manner as EXAMPLE 6 except that an aqueous solution of 1% by 
weight silane coupling agent (F) in an acetic aqueous acid solution (pH=4±0.2) was used, as shown in the following 
Table 2, instead of the aqueous solution of 1% by weight silane coupling agent (D) of EXAMPLE 6, as shown in the 
30 following Table 2. 

EXAMPLE 9 

[0069] A fuel hose was produced in the same manner as EXAMPLE 4 except that a tubular fluororesin inner layer 
35 had a two-layer structure of a conductive ETFE inner layer (an inner diameter of 6.0mm and a thickness of 0.1 0mm) 
and an ETFE outer layer (a thickness of 0.15mm), as shown in the following Table 2. The above conductive ETFE 
layer was formed by using a material wherein a conductive carbon black (Ketjen black EC available from Ketjin Black 
International Company) was mixed at 1 5% by weight to ETFE. 

40 EXAMPLE 10 

[0070] A fuel hose was produced in the same manner as EXAMPLE 4 except that conductive PA12 was used for 
forming a thermoplastic resin outer layer instead of nylon 12 (PA12) of EXAMPLE 4, the conductive PA12 having a 
conductive carbon black (Ketjen black EC available from Ketjen Black International Company) mixed at 1 3% by weight 
45 to PA1 2 , as shown in the following Table 2. 

EXAMPLE 11 

[0071] A fuel hose was produced in the same manner as EXAMPLE 1 except that a tubular fluororesin inner layer 
50 was formed by using polyvinylidene fluoride (PVDF) and the tubular fluororesin inner layer was treated with an aqueous 
solution of 0.2% by weight silane coupling agent (B) in pure water (pH=7) and nylon 11 (PA11) was used for forming 
a thermoplastic resin outer layer, as shown in the following Table 2. 

EXAMPLE 12 

55 

[0072] A fuel hose was produced in the same manner as EXAMPLE 1 except that a tubular fluororesin inner layer 
was formed by using a tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride terpolymer (THV) and the tubular 
fluororesin inner layer was treated with an aqueous solution of 0.5% by weight silane coupling agent (D) in pure water 
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(pH=7) and nylon 6 (PA6) was used for forming a thermoplastic resin outer layer, as shown in the following Table 2. 
EXAMPLE 13 

s [0073] A fuel hose was produced in the same manner as EXAMPLE 9 except that a conductive carbon black (Denka 
black available from Denki Kagaku Kogyo K.K.) was used instead of the carbon black (Ketjen black EC available from 
Ketjen Black International company). 

COMPARATIVE EXAMPLE 1 

w 

[0074] A fuel hose was produced in the same manner as EXAMPLE 1 except that water treatment was not conducted, 
as shown in the following Table 3. 

COMPARATIVE EXAMPLE 2 

15 

[0075] A fuel hose was produced in the same manner as EXAMPLE 11 except that treatment with silane coupling 
agent aqueous solution was not conducted, as shown in The following Table 3. 

COMPARATIVE EXAMPLE 3 

20 

[0076] A fuel hose was produced in the same manner as EXAMPLE 1 except that plasma treatment was not con- 
ducted, as shown in the following Table 3. 

COMPARATIVE EXAMPLE 4 

25 

[0077] A fuel hose was produced in the same manner as EXAMPLE 1 except that corona treatment was conducted 
instead of plasma treatment, as shown in the following Table 3. In addition, the corona treatment was conducted in the 
air by using an apparatus shown in Fig. 13 with a frequency of 20kHz and an output of 0.4kw. In Fig. 13, there are 
shown a high-frequency power source 31 and electrodes 39. 

30 

COMPARATIVE EXAMPLE 5 

[0078] A fuel hose was produced in the same manner as EXAMPLE 1 except that a solution of 20% by volume epoxy 
resin adhesive in ethanol (BX60 available from Toagosei Co., Ltd.) was used as a treatment agent, as shown in the 
35 following Table 3. 

COMPARATIVE EXAMPLE 6 

[0079] A fuel hose was produced in the same manner as EXAMPLE 1 except that a 1 % by weight aqueous solution 
40 (pH=11) of sodium hydroxide was used as a treatment agent, as shown in the following Table 3. 

COMPARATIVE EXAMPLE 7 

[0080] A fuel hose was produced in the same manner as EXAMPLE 7 except that a solution of 3% by weight silane 
45 coupling agent (E) in ethanol was used as a treatment agent instead of the acetic aqueous acid solution of 1 % by 
weight silane coupling agent (E) of EXAMPLE 7, as shown in the following Table 4. 

COMPARATIVE EXAMPLE 8 

so [0081] A fuel hose was produced in the same manner as EXAMPLE 8 except that a solution of 3% by weight silane 
coupling agent (F) in ethanol was used as a treatment agent instead of the acetic aqueous acid solution of 3% by 
weight silane coupling agent (F) of EXAMPLE 8, as shown in the following Table 4. 

[0082] For each of the above fuel hoses of the EXAMPLES and the COMPARATIVE EXAMPLES, each adhesive 
strength, at an initial stage, after immersion in gasoline and after heat aging was determined according to the following 
55 standards. These results are also shown in the following Tables 1 to 4. For each of the fuel hoses of EXAMPLES 1 
and 2 and COMPARATIVE EXAMPLES 1 and 6, the treated surface of the tubular fluororesin inner layer was analyzed 
by an X-ray photo-electron spectroscopy (ESCA). The results are shown in the following Tables 1 to 4 and Figs. 15 
and 1 6. 
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Initial adhesive strength 

[0083] The initial adhesive strength was determined in accordance with JIS K 6301. Thus, as illustrated in Fig. 14, 
each fuel hose was sliced into a 10mm-long ring which was then cut in the longitudinal direction to prepare a test 
5 sample. The tubular fluororesin inner layer 1 and th.e thermoplastic resin outer layer 2 of this sample were partially 
peeled off from the section and the peeled ends were secured stationary with the jig of a tensile tester and a tensile 
test was performed at a peeling speed of 25mm/min. The load found from this tensile test was regarded as the initial 
adhesive strength between the two layers. 
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10 Adhesive strength after immersion in gasoline 

[0084] The test piece prepared in the same manner as the above determination of the initial adhesive strength was 
immersed in gasoline (Fuel C) at 40*C for 168 hours and the adhesive strength between the tubular fluororesin inner 
layer 1 and the themoplastic resin outer layer 2 was determined in the same manner as described above. 

75 

Adhesive strength after heat aging 

[0085] The test piece prepared in the same manner as the above determination of the initial adhesive strength was 
heat-treated at 125°C for 240 hours and the adhesive strength between the tubular fluororesin inner layer 1 and the 
20 themoplastic resin outer layer 2 was determined in the same manner as described above. 



ESCA analysis 

[0086] The treated surface (peripheral surface) of the tubular fluororesin inner layer of the fuel hose was analyzed 
25 by using an X-ray photo-electron spectroscopy (5600Ci available from ULVAC-PHI, INC.) under the following condi- 
tions. In addition, the tubular fluororesin inner layer was preserved under reduced pressure immediately after the pre- 
determined surface treatment and was immediately subject to this analysis in order to prevent effects from the atmos- 
phere (the air or moisture) from the su rf ace treatment process (plasma treatment or plasma treatment + water treatment) 
on the tubular fluororesin inner layer to the coating proces-s on the thermoplastic resin outer layer 

30 

Exciting X-rays: A1, Ka^ rays (1486.6eV9) 

X-ray output: 10kV, 20mA 

Temperature: 20°C 

Degree of vacuum: 3X 10" 8 Torr 

35 



TABLE 1 



50 





EXAMPLES 




1 


2 


3 


4 


5 


6 


Tubular 
fluororesin 
inner layer 


ETFE 


ETFE 


ETFE 


ETFE 


ETFE 


ETFE 


surface 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


Treatment agent 


Silane 

coupling agent 


pure water 
(pR=7) 


acetic acid 
solution 


A 


B 


C 


D 


Solvent 






pure water 


pure water 


pure water 


pure water 


Concentration 
(% by weight) 






1 


1 


1 


1 


Thermoplastic 
resin outer 
layer 


PA12 


PA12 


PA12 


PA12 


PA12 


PA11 
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TABLE 1 (continued) 





EXAMPLES 


1 


2 


3 


4 


5 I 6 


Adhesive strength (N/mm) 


At an initial 
stage 


3.5 


4.0 


4.0 


3.5 


3.5 


3.6 


After 

immersion in 
gasoline 


3.0 


3.2 


3.1 


3.1 


3.3 


3.3 


After heat 
aging 


3.0 


2.9 


3.3 


3.3 


3.2 


3.3 


ESCA 
analysis I 
(286.5eV)/l 
(292.2eV) 


2.0 


2.3 











20 

TABLE 2 







EXAMPLES 


25 




7 


8 


9 


10 


11 


12 


13 


Tubular 
fluororesin 
inner layer 


ETFE 


ETFE 


c-ETFE/ 
ETFE 


ETFE 


PVDF 


THV 


c-ETFE/ 
ETFE 


30 


Surface 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 


plasma 
treatment 




Treatment agent 




Silane 

coupling agent 


E 


F 


B 


B 


B 


D 


B 


35 


Solvent 


acetic 
acid 


acetic 
acid 


pure water 


pure water 


pure water 


pure water 


pure water 




Concentration 
(% by weight) 


1 


1 


1 


1 


0.2 


5 


1 


40 


Thermoplastic 
resin outer 
layer 


PA12 


PA11 


PA12 


C-PA1 2 


PA11 


PA6 


PA12 




Adhesive strong 


th (N/mm) 






45 


At an initial 
stage 


3.8 


3.8 


4.0 


3.7 


3.8 


material 
rupture * 


4.0 | 


50 


After 

immersion in 
gasoline 


3.3 


3.2 


3.1 


3.1 


3.0 


material 
rupture * 


3.1 




After heat 
aging 


3.3 


3.4 


3.3 


3.1 


3.3 


material 
rupture * 


3.3 


55 


ESCA 
analysis I 
(286.5eV)/l 
(292.2eV) 

















*The tubular fluororesin inner layer ruptured since adhesion was strong. 
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TABLE 3 



25 





COMPARATIVE EXAMPLES 


1 


2 


3 


4 


5 


6 


Tubular 
fluororesin 
inner layer 


b I rb 


DV/nc 
rVUr 


CTPP 


PTPP 

c i rc 


PTFP 


ETFE 


Surface 
treatment 


plasma 
treatment 


plasma 
treatment 




corona 
treatment 


plasma 
treatment 


plasma 
treatment 


Treatment 
agent 






pure water 
(pH=7) 


pure water 
(PH=7) 


epoxy resin 
adhesive 


NaOH 
aqueous 
solution 
(pH=11) 


Thermoplastic 
resin outer 
layer 


PA12 


Pa11 


PA12 


PA12 


PA12 


PA12 


Adhesive streng 


th (N/mm) 


At an initial 
stage 


3.5 


3.6 


0.1 


1.3 


2.0 


1.7 


After 

inmersion in 
gasoline 


2.5 


2.4 


0 


0.7 


1.7 


0.4 


After heat 
aging 


2.6 


2.6 


0 


1.1 


1.8 


1.3 


ESCA 
analysis 1 
(286.5eV)/l 
(292: 2eV) 


0.9 










2.2 (Na 
detected) 



TABLE 4 



45 





COMPARATIVE EXAMPLES 




7 


8 


Tubular fluororesin inner layer 


ETFE 


ETFE 


Surface treatment 


plasma treatment 


plasma treatment 


Treatment agent 


Silane coupling agent 


E 


F 


Solvent 


ethanol 


ethanol 


Concentration (% by weight) 


3 


3 


Thermoplastic resin outer layer 


PA12 


PA11 


Adhesive strength (N/mm) 




At an initial stage 


3.7 


3.7 


After immersion in gasoline 


3.0 


2.9 


After heat aging 


3.2 


3.2 


ESCA analysis l(286.5eV)/l(292.2eV) 







[0087] As can be understood from the results of the above Tables 1 to 4, each fuel hose of the EXAMPLES had 
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sufficient adhesive reliability since initial adhesive strength was excellent and also deterioration in adhesive strength 
after immersion in gasoline and after heat aging was restrained. As can be understood from the results of ESC A 
analysis, each fuel hose of EXAMPLES 1 and 2 had a strength ratio of bond energy [l(286.5eV)/l(292.2eV)] of not less 
than 1 .3. Fig. 15 is a chart for data when bond energy of fluorine (FIs) at a peak top is a standard value (689.63eV). 
s Fig. 16 (a) shows a chart for data of a sample without plasma treatment, Fig. 1 6 (b) shows a chart for data of a sample 
conducted with plasma treatment (COMPARATIVE EXAMPLE 1) and Fig. 16 (c) shows a chart for data of a sample 
conducted with plasma treatment and water treatment (EXAMPLE 1 ). Comparing Fig. 1 6 (a) with Fig. 1 6 (b), the strength 
peak at 292. 2ev due to CF 2 groups in bond energy strength of surface carbon atoms (CIs) decreased because of 
elimination of fluorine atoms by plasma treatment so that the surface concentration of fluorine atoms decreased. Com- 

10 paring Fig. 16 (b) with Fig. 16 (c), the surface concentration of fluorine atoms further decreased by conducting water 
treatment after plasma treatment and a peak (286.5ev) due to CH 2 groups shifted to a low energy side. It is thought 
that the functional groups having fluorine atoms not involved in adhesion go inside the tubular fluororesin inner layer 
by conducting water treatment on the plasma-treated peripheral surface so that the surface concentration of fluorine 
atoms is decreased on the peripheral surface of the tubular fluororesin inner layer and adhesive functional groups 

is (functional groups having oxygen atoms) such as an OH group is increased. 

[0088] On the other hand, each fuel hose of COMPARATIVE EXAMPLES 1 and 2 was treated with neither water nor 
silane coupling agent aqueous solution after plasma treatment and therefore was inferior in each adhesive strength 
after immersion in gasoline and after heat aging. From the results of ESCA analysis, the fuel hose of COMPARATIVE 
EXAMPLE 1 had a strength ratio of bond energy [l(286.5eV)/l(292.2eV)] of not more than 1 .3. The fuel hose of COM- 

20 PARATIVE EXAMPLE 3 was remarkably inferior in initial adhesive strength since plasma treatment was not conducted, 
resulting in each adhesive strength of 0 (N/mm) after immersion in gasoline and heat aging. The fuel hose of COM- 
PARATIVE EXAMPLE 4 was inferior in initial adhesive strength since corona treatment was conducted without plasma 
treatment, resulting in an inferior adhesive strength after immersion in gasoline and after heat aging. The fuel hose of 
COMPARATIVE EXAMPLE 5 was remarkably inferior in an adhesive strength after immersion in gasoline and after 

25 heat aging since it was treated with epoxy resin adhesive, resulting in inferior adhesive reliability. In the fuel hose of 
COMPARATIVE EXAMPLE 6, functional groups having oxygen atoms increased as well as EXAMPLE 1 where water 
treatment was conducted, but initial adhesive strength was inferior and adhesive strengths after immersion in gasoline 
and after heat aging were inferior since it was conducted with a sodium hydroxide aqueous solution. It is thought that 
the bond strength due to such as hydrogen bonds is prohibited by sodium ions and the strength of the thermoplastic 

30 resin outer layer was decreased also by sodium ions. As such an example, it is known that nylon resin may crack due 
to an antifreezing agent (such as calcium chloride). In addition, the adhesive strengths at an initial stage and also after 
immersion in gasoline and heat aging of the fuel hose of COMPARATIVE EXAMPLE 7 where an ethanol solution of 
the silane coupling agent was used were slightly inferior as compared with the fuel hose of EXAMPLE 7 where an 
acetic aqueous acid solution of the silane coupling agent was used. Similarly, the adhesive strengths at an initial stage 

35 and also after immersion in gasoline and heat aging of the fuel hose of COMPARATIVE EXAMPLE 8 where an ethanol 
solution of the silane coupling agent was used were slightly inferior as compared with the fuel hose of EXAMPLE 8 
where an acetic aqueous acid solution of the silane coupling agent was used. Further, for preparation of each fuel hose 
of COMPARATIVE EXAMPLES 7 and 8, the organic solvent such as ethanol was used for diluting the silane coupling 
agent. Thus, concerns are expected about adverse effects on a working environment and a global environment due 

40 to transpiration of an organic solvent in the atmosphere. Further, special equipment for combustible materials is re- 
quired, which is inferior in workability. 

EFFECT OF THE INVENTION 

45 [0089] As described above, the fuel hose of the present invention can be obtained by plasma-treating the surface 
of the tubular fluororesin inner layer, conducting at least one of water treatment and silane coupling agent aqueous 
solution treatment on the plasma-treated peripheral surface and forming the thermoplastic resin outer layer on the 
treated peripheral surface. Thus, the functional groups having fluorine atoms not involved in adhesion go inside the 
. tubular fluororesin inner layer by conducting the at least one treatment on the plasma-treated peripheral surface so 

50 that the surface concentration of fluorine atoms is decreased on the peripheral surface of the tubular fluororesin inner 
layer and adhesive functional groups (functional groups having oxygen atoms) such as an OH group are widely dis- 
tributed therein. As a result, the adhesive strength between the tubular fluororesin inner layer and the thermoplastic 
resin outer layer is improved so that deterioration in adhesive strength after heat aging and immersion into fuel can be 
restrained under severe conditions such as an inside of an engine compartment, for obtaining a fuel hose superior in 

55 adhesive reliability. Especially, where the silane coupling agent aqueous solution treatment is conducted on the pe- 
ripheral surface of the plasma-treated peripheral surface, a silane coupling agent layer can be formed on the surface 
of the tubular fluororesin inner layer so that the adhesive strength between the tubular fluororesin inner layer and the 
silane coupling agent layer, and between the silane coupling agent layer and the thermoplastic resin outer layer, can 
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be further enhanced. 

[0090] Where the water treatment is conducted by using an aqueous acid solution, sufficient adhesive strength after 
heat aging and immersion into fuel can be obtained so that a fuel hose further superior in adhesive reliability can be 
produced. Where a hydrogen exponent (pH) of the aqueous acid solution is 2 to 6, 8 fuel hose even further superior 
in adhesive reliability can be produced. 

[0091] Where the silane coupling agent is an amino silane coupling agent represented by the above-mentioned 
general formula (1), stability of the silane coupling agent aqueous solution is improved. Where the concentration of 
the silane coupling agent is not more than 10% by weight of a total amount of the aqueous solution, it becomes easy 
to treat the plasma-treated peripheral surface with silane coupling agent. 

[0092] Where a hydrogen exponent (pH) of the acid silane coupling agent aqueous solution is 2 to 6, sufficient 
adhesive strength after heat aging and immersion into fuel can be obtained, resulting in superior adhesive reliability. 
Where the silane coupling agent is an epoxy silane coupling agent represented by the above-mentioned general formula 
(2), stability of the silane coupling agent aqueous acid solution is improved. Where the concentration of the silane 
coupling agent is not more than 1 0% by weight of a total amount of the aqueous acid solution, it becomes easy to treat 
the plasma-treated peripheral surface with silane coupling agent acid solution. 

[0093] In addition, since silane coupling agents are flammable, a special installation for combustible materials is 
required for use thereof. For this reason, a silane coupling agnet is generally diluted with an organic solvent such as 
alcohol for use, which, however, may cause adverse effects on a working environment and a global environment due 
to transpiration of an organic solvent in the atmosphere. According to the present invention where the silane coupling 
agent aqueous solution diluted with water or silane coupling agents is used without organic solvents such as alcohols, 
a special installation for combustible materials is not necessary, thereby obtaining superior safety because of no fear 
about fire, improved workability and prevention of air pollution. 

[0094] The features disclosed in the foregoing description, in the following claims and/or in the accompanying draw- 
ings may, both separately and in any combination thereof, be material for realising the invention in diverse forms thereof. 



Claims 

1 . A method of producing a fuel hose comprising plasma-teating a surface of a tubular fluororesin inner layer, treating 
a surface layer of the plasma-treated peripheral surface with at least one of water and a silane coupling agent 
aqueous solution and forming a thermoplastic resin. outer layer on the treated peripheral surface. 

2. The method according to claim 1 , wherein the water treatment is conducted by using an aqueous acid solution. 

3. The method according to claim 2, wherein the aqueous acid solution has a hydrogen exponent (pH) of 2 to 6. 

4. The method according to claim 1 , wherein the silane coupling agent is an amino silane coupling agent represented 
by the following general formula (1): 



X 2 «• ( 1 > 



wherein Y is NH 2 (CH 2 ) n -, NH 2 (CH 2 ) n NH(CH 2 ) m - or NH 2 CONH(CH 2 ) n -, wherein n and m are 0 to 5, respec- 
tively, X 1 , X 2 and X 3 , which are the same or different, are -CH 3 , -OCH s , -OC 2 H 6 or -OC 2 H 4 OCH 3 , respectively, 
wherein at least two of X 1 , X 2 and X 3 are -OCH 3 , -OC 2 H 5 or -OC 2 H 4 OCH 3 . 

5. The method according to claim 1 or 4, wherein the concentration of the silane coupling agent is not more than 
10% by weight of a total amount of the aqueous solution. 

6. The method according to claim 1 , wherein the silane coupling agent aqueous solution is an acid silane coupling 
agent aqueous solution. 

7. The method according to claim 6, wherein the acid silane coupling agent aqueous solution has a hydrogen exponent 



Y — S i-^ 
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(pH) of 2 to 6. 

8. The method according to claim 6 or 7, wherein the silane coupling agent is an epoxy silane coupling agept repre- 
sented by the following general formula (2): 

5 

X 1 
I 

Z — S i— X* - ( 2 ) 
I 

X 3 

wherein Z is 

15 



20 

or 



25 



CH, -CHCH, O (CH,). - 



wherein n is 0 to 5, 

30 Xi , X2 and X 3 , which are the same or different, are -CH 3 , -OCH 3> -OC 2 H s or -OC 2 H 4 OCH 3 , respectively, wherein 

at least two of X 1 , X 2 and X 3 are -OCH 3 ,-OC 2 H 5 or -OC 2 H 4 OCH 3 . 

9. The method according to any of claims 6 to 8, wherein the concentration of the silane coupling agent is not more 
than 10% by weight of a total amount of the aqueous acid solution. 

35 

10. The method according to any of claims 1 to 9, wherein the tubular fluororesin inner layer includes an ethylene- 
tetrafluoroethylene copolymer. 

11. The method according to any of claims 1 to 10, wherein the tubular fluororesin inner layer comprises at least two 
40 layers of which an innermost layer includes a conductive fluororesin and an outermost layer includes a non-con- 
ductive fluororesin. 

12. The fuel hose produced by the method according to any of claims 1 to 11, wherein a functional group containing 
an oxygen atom is distributed in a surface layer of the peripheral surface of the tubular fluororesin inner layer. 

45 

13. The fuel hose according to claim 12, 

wherein a strength ratio of bond energy [!(286.5eV)/l(292.2eV)] of surface carbon atoms (CIs) by analyzing the 
surface layer of the peripheral surface of the tubular fluororesin inner layer by means of an X-ray photo- electron 
spectroscopy (ESCA) is not less than 1 .3 in the case that bond energy on a peak top of fluorine (FIs) is a standard 
so value (689.63eV) and metal ions are not distributed in the surface layer of the peripheral surface of the tubular 

fluororesin inner layer. 

14. The fuel hose produced by the method according to claim 1, comprising a tubular fluororesin inner layer and a 
thermoplastic resin outer layer formed on a peripheral surface of the tubular fluororesin inner layer, wherein the 

ss thermoplastic resin outer layer includes polyamide resin. 

1 5. The fuel hose produced by the method according to claim 1 4, wherein the tubular fluororesin inner layer comprises 
at least two layers, an innermost layer of said at least two layers includes conductive fluororesin and an outermost 



18 



layer of said at least two layers includes non -conductive fluororesin. 

16. The fuel hose according to claim 14 or 15, wherein a rubber layer or a thermoplastic elastomer layer is on a 
peripheral surface df the thermoplastic resin outer layer. 

5 

17. A fuel-hose comprising: a plasma-treated fluororesin inner layer, a surface layer of the inner layer being treated 
with at least one of water and a silane coupling agent aqueous solution; and a thermoplastic resin outer layer. 

10 
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Fig- 6 
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Fig. 8 
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•STANDARD VALUE 




FIj 



CI i. 



a. 



Mi 



1000 800 COO 400 '200 

BOND ENERGY (eV) 
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BEST AVAILABLE COPY 
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BEST AVAILABLE COPY 



